Pair production of the neutral and charged Higgs boson is a unique process which is a signature of two Higgs doublet model. In this paper, we study the pair production and their decays of the Higges in the neutrinophilic Higgs two doublet model. The pair production occurs through W and Z gauge bosons fusion process. In the neutrinophilic model, the vacuum expectation value (VEV) of the second Higgs doublet is small and is proportional to the neutrino mass. The smallness of VEV is associated with the approximate global U(1) symmetry which is slightly broken. Therefore, there is a suppression factor for the U(1) charge breaking process. The second Higgs doublet has U(1) charge and its single production from the gauge boson fusion violates the U(1) charge conservation and is suppressed strongly to occur. In contrast to the single production, the pair production of the Higgses conserves U(1) charge and the approximate symmetry does not forbid it. To search for the pair productions in collider experiment, we study the production cross section of a pair of the charged Higgs and neutral Higgs bosons in e + e − collision with center of energy from 600 (GeV) to 2000 (GeV). The total cross section varies from 10 −4 (fb) to 10 −3 (fb) for degenerate (200 GeV) charged and neutral Higgses mass case. The background process to the signal is gauge bosons pair W + + Z production and their decays. We show the signal over background ratio is about 2% ∼ 3% by combining the cross section ratio with ratios of branching fractions.
I. INTRODUCTION
While LHC already have started constraining many new physics models, there are a few aspects in the beyond standard models for which future e + e − collider [1, 2] can make unique search scenarios because of its clean environment. In this paper, we study the signature of the neutrinophilic two Higgs doublet model [3] in e + e − collision by focusing on the pair production and their decays of the charged Higgs and neutral Higgs bosons.
In the neutrinophilic model, a second Higgs doublet is introduced and the neutrino masses are generated from the tiny VEV (vacuum expectation value) of the second Higgs doublet.
The new U(1) global symmetry is introduced. The second Higgs doublet and right-handed neutrinos have the U(1) charge +1 and the other fields do not have that charge. The U (1) global symmetry is approximate and is broken explicitly by the soft breaking bilinear term with respect to the second Higgs doublet and to the standard model like Higgs doublet.
The tiny VEV of the second Higgs generated is proportional to the coefficient of the mass dimension two in the bilinear term.
In the model, any U(1) charge violating process is suppressed by the tiny VEV. It also implies that the probability amplitude is suppressed and is proportional to neutrino mass.
An example of suppressed process is a single second Higgs production with gauge bosons fusion. In contrast to the single second Higgs production, the pair production of the second
Higgs is the U(1) charge conserving process. Therefore, they are not suppressed. The processes in this category are Z * (γ * In LHC set up, the charged Higgs pair production p + p → Z * (γ * ) → H + + H − is studied in [4] . In [5] , vector boson fusion into the light CP even Higgs pairs is studied at the LHC.
In [6] , di-Higgs production in various scenario is discussed. In [7] , the standard model Higgs boson pair production is studied. Also see reference [8] for the ratio of the cross section of the single Higgs boson and the pair production cross section in the context of the standard model.
In our work, in e + e − collision, the pair production of the charged Higgs(H + ) and neutral Higgs (X) in the second Higgs doublet is studied. We derive the pair production cross section; e + + e − → ν e + e − + H + + X (X = A, h).
The paper is organized as follows. In section 1, we set up the Lagrangian which is used in the calculation of charged Higgs and neutral Higgs production. In section 2, we derive the expression of the cross sections for the pair production from e + + e − collision. In section 3 , the cross sections including the various differential cross sections are numerically computed and they are compared to the standard model background cross section. In section 4, the decays of the charged Higgs and neutral Higgs are discussed and the dependence on the charged lepton flavor in the final state is studied. Section 5 is devoted to the summary.
II. TWO HIGGS DOUBLET MODEL WITH SOFTLY BROKEN GLOBAL SYM-

METRY
In this section, we present the Lagrangian to set up the notation and also to display the interaction terms which are relevant to the calculation in later sections. The Higgs potential is given by [3] ,
Two Higgs doublets in the unitary gauge are parameterized as [9] ,
The new U(1) charge for Φ 1 (Φ 2 ) is 0(+1). The term proportional to m 12 is U(1) breaking term. H and h denote CP even Higgses. A denotes a CP odd Higgs. In our notation, H is close to the standard model like Higgs, a different notation from [3] . In most of the present paper, we follow the notation of [9] . tan β is the ratio of two VEVs and is given approximately as [3] ,
v 2 is the squared sum of two VEVs. γ is a mixing angle of CP even Higgses given by [9] ,
Then one can write the covariant derivative terms for the two doublets, which includes the electroweak interactions of the Higges with gauge bosons,
One notes that a single CP even Higgs boson (h or H), could be produced by the gauge boson as sin(β + γ). Since sin β and sin γ are suppressed to be zero in the vanishing limit of U(1) breaking term m 12 , the gauge boson fusion to h is forbidden in the limit. As for the decays of charged Higgs and neutral Higgs, the Yukawa coupling to right handed neutrino is important. Assigning the U(1) charge +1 to right handed neutrino [3] , it is written in terms of mass eigen states as,
where m ν denote neutrino masses and V denotes Maki Nakagawa Sakata (MNS) matrix. Fig.1 .) We define, The production occurs through W + and Z fusion which is shown in the circle.
We write the cross section for H + A production,
s e + e − is the center of mass (cm) energy of e + and e − collision. p e + and p e denote the momentum of positron and electron of the initial state. q e q H + ,q A and qν are momentum of the final states; i.e., electron, charged Higgs, neutral Higgs and anti-neutrino respectively.
The transition amplitude M is given by,
where p Z = p e − q e and p W = q . The second rank tensor T Aµν is given as, (On-shell case is shown in [10] .) 
The spin averaged amplitude squared is given as,
where L νρ ee is a leptonic tensor of the neutral current and L µσ e +ν is the one of the charged current. They are written in terms of the symmetric part S and the anti-symmetric part A. 
We define the transpose matrix as T t µν = T νµ . In terms of them, one can write the differential cross section as,
where d n P h denotes n dimensional phase space integral. For n = 12, it is defined as,
In center of mass frame of e + e − collision, the amplitude is independent of the rotation around the beam axis. One can also set the direction of the e + beam to z direction and the momentum of electron in the final states in yz plane. Therefore after one integrates the azimuthal angle and the anti-neutrino momentum, one obtains d 8 P h as,
The momentum of electron q e in final states is specified by a polar angle (θ e ) in the orthgonal frame in which positron momentum is chosen as z axis.
q e = |q e |(sin θ e e 2 + cos θ e e 3 ),
One can define a new orthogonal coordinate spanned by the basis vectors e
q e |q e | = sin θ e e 2 + cos θ e e 3 , e ′ 2 = − sin θ e e 3 + cos θ e e 2 ,
θ eH and φ eH denote the momentum direction of the charged Higgs relative to that of the electron in the final state.
Finally (θ eHA , φ eHA ) denote the direction of momentum for the neutral Higgs A. θ eHA is a polar angle measured from the direction q e + q H + .
In terms of the angles defined, the phase space integration is written,
where we denote q A = |q A |, q H + = |q H + | and q e = |q e |. The integration over the variable cos θ eHA is carried out and we obtain,
where,
The step functions in Eq.(24) imply the phase space boundaries. Using Eq.(24), the differential cross section is,
We carry out the rest of integration numerically.
IV. NUMERICAL RESULTS
In this section, we present the numerical results for the cross sections. We have carried out the phase space integrations by using the montecarlo program, bases [11] . We have studied the three sets of the charged Higgs and neutral Higgs masses. 
As shown in [9] , for those input values of charged Higgs and neutral Higgs masses, the radiative corrections to the VEVs, β and v are within 10%.
We have shown the total cross sections σ H + A with respect to the center of mass energy ( √ s e + e − ) of e + e − collision in Fig.IV . Then we have plotted the following one dimensional differential cross sections; Fig.7 ∼ Fig.11 . For comparison, we have also computed gauge boson production cross section. We have used the formulae in [12] for W + Z → W + Z scattering amplitude.
We have plotted σ W Z in Fig 
We summarize what one can read from figures of the cross sections. (Fig.IV ∼ Fig.11 .)
• The total cross section for Higgs pair production σ H + A increases as the center of mass energy of e + e − collision grows until it reaches to 2000 (GeV). Even in the case for the lightest masses of Higgs pair which we have chosen, the cross section is at most 0.001 fb. Compared with gauge boson pair production σ W Z , the ratio
is order of ∼ 10 −3 .
• The differential branching fraction with respect to the electron momentum in final states and with respect to the charged Higgs spectrum, they are limited by phase space and for lighter Higgs pair masses, the momentum of electron is larger.
• The distribution of the direction of the electron in the final states is strongly peaked at cos θ e = −1. This implies the electron scattered into the forward direction with respect to the incoming electron. This happens because virtuality of Z * boson is minimized in this case.
• About the azimuthal φ eH angle distributions, we find that the charged Higgs momentum more likely lies within the range 0 ≤ φ eH ≤ π than in π ≤ φ eH < 2π. 
V. THE SIGNATURE OF THE CHARGED HIGGS AND THE NEUTRAL HIGGS PAIR PRODUCTION
As we have seen from the studies of the previous section, the cross section and the differ- and charged Higgs are degenerate as |m A − m H + | < m W . We study the degenerate case. In this case, the neutral Higgs decay products are invisible and the visible decay product is a charged anti-lepton l + from the charged Higgs decay. Therefore, the whole process starting from e + e − collision to Higges decays looks like, pair production and decay branching fractions. The ratio we define is
where we used the shorthand notation, Br(X → νν) = k Br(X → ν kνk ), for X = h, A, Z.
Using the notations, one can write r l as,
where we use the fact that the production cross section for CP even and CP odd Higgs with U(1) charge is almost identical to each other; i.e., σ H + A ≃ σ H + h . (See appendix A). We also 
Using the numerical values, one can write r l (l = e, µ, τ ) as,
where Br(H + → lν) in % unit should be substituted. The charged Higgs can decay into charged leptons and neutrino. In contrast to the leptonic decay of W boson, the branching fractions for each flavor of charged lepton are obtained from Eq.(6) [3] ,
We update the branching fraction to each lepton flavor mode using the recent results on |V e3 |. For normal hierarchy case, the branching fractions are written as,
In the formulae of Eq.(48), m 1 denotes the lightest neutrino mass. For inverted hierarchical case, they are written as,
where m 3 denotes the lightest neutrino mass. We have used the following values for the mixing angles and mass squared differences quoted from Fig. 13 , we have shown r l (l = e, µ, τ ) for normal hierarchical case as functions of the lightest neutrino mass m 1 . In Fig. 14, we have shown r l for inverted hierarchical case as functions for the lightest neutrino mass m 3 . As we have seen from Fig. 13 and Fig. 14 , we can expect 2% ∼ 3% lepton flavor dependence from charged Higgs decay. We summarize the flavor dependence.
• For normal hierarchical case, for 0 ≤ m 1 < 0.05(eV) r τ > r µ >> r e . For larger m 1 until 0.2 eV, r µ ∼ r e ∼ r τ = 0.02.
• For inverted hierarchical case, r e > r µ > r τ for 0 < m 3 < 0.2 eV. 
VI. CONCLUSIONS AND DISCUSSIONS
In this paper, we study the pair production of charged Higgs and neutral Higgs in the neutrinophilic two Higgs doublet model. The pair production process is not suppressed by the U(1) charge conservation. In other words, the approximate global symmetry allows the pair production to occur.
We study the total cross section for the pair production in e + e − collision. The pair production occurs through W boson and Z boson fusion. We study the pair production and the decays for degenerate mass of charged Higgs and neutral Higgs as well as nondegenerate case. The cross section increases from 10 −4 fb to 10 −3 fb as the cm energy of e + e − varies from 1 (TeV) to 2 (TeV). The cross section is compared with that of W, Z pair production. We show the Higgs pair production is about 10 −3 times smaller than the pair production cross section of the gauge bosons. Therefore if Z decays invisibly into neutrino pairs and W boson decays into anti-lepton and neutrino, the gauge boson pair production and their decays becomes a background to the signal. When the charged Higgs (H + )and neutral Higgs (X = A, h) are degenerate as |m H + − m X | < M W , which is favored from the electroweak precision data, the charged Higgs dominantly decays into anti-lepton and neutrino and neutral Higgs decays dominantly into neutrino and anti-neutrino pair.
Compared with them, W and Z decay branching ratio in the same final state is smaller than that of Higgs decays and is flavor blind. Therefore, by studying the charged anti-lepton flavor in the final state, we may distinguish the Higgs pair production and their decays from that of gauge bosons. We expect 2% ∼ 3% flavor dependence which is null for the gauge bosons decays. Depending on the normal or inverted hierarchy of the mass spectrum of neutrinos, the order of r e , r µ and r τ changes. We show the differential cross sections with respect to electron, charged Higgs momentum. The differential cross sections with respect to the angles of electron and charged Higgs in the final states are also shown. They are also important to identify the signals.
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